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Geothermal Activities
in Switzerland
(Power & Heat)

Geothermal
heat flow
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Vengeron - Profondeur - 47m

Low Enthalpy energy well developed
in the Canton of Geneva for both
heating and cooling of private and

office buildings
(Geothermal and Lake Geneva Water)
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Réseaux thermiques structurants

Well developed heat district network B
yet... oe M A
the Directive for the Cantonal Planning o st e
of thermal distribution (PDER) is in the st RPN
process of being finalized. B —

wes B

Principles of territorial consistency: 1:13
favors the deployment of the main — ooy
thermal networks and support of

medium-depth geothermal energy

implementation
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A principle of merit order: the
medium-depth geothermal energy
represents a priority energy source
after HT waste heat

A: Thermal network, B: Density of heat requirement (MWh/ha/year)
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View in 2007 Swiss Energy Strategy 2050:
scenario for power supply
and demand.

New nuclear

nuclear
1. Decrease demand through efficiency and savings
L 2.  More hydro, and new renewables
bl 3. Combined Cycle Gas Turbines, Combined Heat&Power and imports
- 4.  Energy RED and Pilots/Demo.facilities
5.  Upgrading the grid and energy storage Combined Cycle Gas Turbines

& Combined Heat and Power
8 imports, ~ 12 TWh
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THE FEDERAL CONTEXT

Results of the 2017 May vote for the 2050 Swiss Energy Strategy

T e which aims at phasing out Nuclear Power plants by increasing
renewables for

* Heating & cooling

* Power generation

* Energy Storage

* Energy Efficiency

Swiss to phase out
nuclear power by
2034

% of “YES”
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The Swiss cabinet wants to gradually decommission all of Switzerland's D SDD - 599
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Federal Government (SFOE) Financial support for geothermal development

P&D Projects CO, - Ordnance

(since Jan 15, 2018)
* Up to 40% of the non-amortizable

additional cost (costs beyond * Up to 60% of the prospection and exploration
conventional technologies or costs
systems) * Costs for the surface data acquisition,

* Costs for the development, procurement and materials, drilling operations,
procurement and materials, well testing and logging

construction optimization, operation,
monitoring, documentation and
communication.

« Available to Companies, Tertiary u Schweizerische Eidgenossenschaft

Swiss Federal Office of Enerqy SFOE

education sector (UAS, U, ETH), Confédération suisse
public entities etc. Confederazione Svizzera

* No limits regarding project duration Confederaziun svizra
and financial scope of projects
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Energy context in the Canton of Geneva

Final energy consumption in the Canton in 2014 (GWh/an)

District heating 430

Biomass 61

Gasoline and diesel 2'053

Fuel 2'156

Heat
requirements

Hydraulic and solar electricity

2'866
Natural gas
2'733

Data source: OCSTAT, SIG, OCEN, SITG
With applied heating climatic correction

Aviation fuel not included
Source graphique : Loic Quiquerez 2017, htips://archive-ouverte.unige.ch/unige:93931
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GEothermie 2020” program:
W/ an integrated approach
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2012 — 2020 ....

Program

Implementation

Phase 1

Preliminary Investigation

Phase 1
Detailed Prospection

Geothermal
Potential
Assessment

A\

Phase 2

Exploration
Phase 3
Exploitation

Modified after Andenmatten
Berthoud, 2014
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GEothermie 2020” program:
an integrated approach

2012 — 2020 ....

Program

Implementation

Phase 1

Preliminary Investigation

Geothermal
Potential
Assessment

3M CHF
Identify Subsurface
Targets
Seismic data e ik
[/’ reprocessing Select Targets
2D seismic acquisition || Geophysic phase 2
Reservoir Seismic 3D design XXM CHF
Characterisation Dynamic Modeling s
3D geological Well feasibility study Drilling &
modelling Development Plan 59'3"'."?:.30
2 N h . acquisinon
Seismic monitoring -
Modified after Andenmatten
SIG SIG + SFOE Berthoud, 2014
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General
framework
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GENEWA BASIN STRATMGRAPHY 1.0
. e ar

General
framework

AR=hAiguilles Rouges, As=Aravis, eB=external Bomes, MB=Mont Blanc
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— Mo fied from ."ﬂ.tlﬁllullufﬂl 1997).
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i) B Tabular Jura [ Haute Chaine (Internal Jura) [l Prealps

c I Faisceau Jura [ Tertiary Basins [ Extemnal crystalline massifs

(] External Jura :

= [ Plateau Jura [ Subalpine Molasse B Subalpine Chains & Helvetic nappes
w

=
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Vu=\uache faultl zone, PVS=Pontarlier-Dent de Vaubon-La Sarraz fault area, T=Treynn‘uagne-5 fault zone

VU aChE \ | ——— 'r Thrust & Major unit contact .. Strike-slip fault
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Saleve Mountain

SE
Bornes Plateau
Saleve-2 well

large depth (1500 - 2500 m, hydrother-
mal heat and electricity)

Pyl ) e 5 Tt P B ’-
* medium depth (500 - 1000 m, hydrothermal) * largestdepth (>3000m, EGS systerns, [ EARRRMSER RSu it S s R S a * SN =20
and underground thermal energy storage electricity) e N Ay ST AR T -

Seismic cross section across the Geneva Basin with indication of main stratigraphic units and

indicative location of key reservoirs at different depths for different exploitation of geothermal energy
resources (heat or electricity). After Moscariello, 2016, EGC proceedings.
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GGB Geothermal Exploration:
a glance into the past

Hydrothermal sources associated with mineral-rich hot
springs (up to 23° C at surface) have been known since the
XVth century.

Likely associated with large fault systems as indicated by the
effects on Bromines spring following the Vuache Fault
reactivation in 1996 (M1:5.3)
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GGB Geothermal Exploration:

Crét D'’Eau

a glance into the past

Hydrothermal sources associated with mineral-rich hot
springs (up to 23° C at surface) have been known since the
XVth century.

Likely associated with large fault systems as indicated by the
effects on Bromines spring following the Vuache Fault o s T
reactivation in 1996 (M1:5.3) Rumilly Basin
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Data evaluation

Data acquisition : | : »
OO Basin Analysis

GEOTHERMIE (Configuration, Fluids and

2014 — . 2020 Temperature Distribution)

3D Reservoir Modelling

and Assessment (PBE)
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Is the Geneva area subsurface hot enough ?

a Temperature (*C) b Thermal gradient (°C/km)
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AN 7 ggge 40007 __ pinear it
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e (total = 126) Chelle-Michou et al., 2014, Geothermics
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Western flank of the VVuache mountain

DATA EVALUATION: OUTCROP SEISMIC CALIBRATION
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Resewmr stratlgraphy and archltcture |

Sedimentary body geometry,
Changes in vertical stacking pattern and lateral sediment composition (facies)..

(Malm)
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Geneva basin-scale hydrothermal play
for heat extraction and storage

GEis02 W -

Location of exploration wel
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Demo project: Seasonal TES from waste plant

Results for GEo_01:

* Depth: 744m b.g.l. (650m was the original plan)

» Temperature: 33°C

* Flowrate: 50I/s artesian flow

» Reservoir type: Fractured Lower Cretaceous / Upper

Jurassic limestone
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2012 - 2020 ....

Shallow targets

o o (300-1000 m) Mid range targets
= % (1000-1500 m) 2020-2022
= G
o eo-01 Deep targets
2018 G E;-goz (2500-3500 m)

Reservoircharacterisation mmmmmmms = == - - - - - - - == == =

Structural modeling at regional scale

Geochemical fingerprinting == w= w= w= == = = =

activities

Continuous

Seismic monitoring

CSEM/EM Walk Above Gravity Long term well test Fiber 3D seismic
survey VSP (Thonex-1) Surveys and Monitoring optic VSP survey

Field Lab
Activities

A Chance of Success
t UNIVERSITE
IMAGE hea -H S @ DE GENEVE
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Waste heat and heat storage

Waste heat recovery plant for district heating in Geneva,
not totally used on summer time

Losses

260 GWhly : ;

ﬁ « How increase heat recover on summer time?
Waste energy * DH expansion or heat storage

690 GWhly  Which kind of heat store?

« daily x seasonal storage
Heat not used ;
45 GWhly ! * high x low temperature

« diffusive, convective or both

ATES
(vs other solutions)

2013-2014 values - Quiquerez, L. (2017)
DO 10.13097/archive-ouverte/unige:93380

Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
{60 1o 80 KWh/m") (60 o B0 KWh'm®)

Electricity axport\

80 GWhly Heat export
255 GWhly
E‘ o Heat not used Heat recovered for DH 2
S o ™= HeatrecoveredforDH Heat producton
= e | n | I = il WH - x
E aofl.-....} I @ @nl _ wl _ . Bmholutha:‘ml;ﬂt:;;gﬂ{lsmugﬂBTEs} Aqutfarthefml.gﬁ;‘g::toragﬂmmi
= . —
g 30 1 [ il
t_EE oll | Heatnotused .. | m e
5 45 GWh/s | _
L 10 o
— tools.smartsteep.eu/wikiThermal _energy storage (short_and long_term)
0

Jui Jui Aou Sep  Oct Nov Déc Jan Fév Mar Avr Mai

de Oliveira and Hollmuller, 2018; Quiquerez, 2018
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Load curves of the main Canton of Geneva networks by 2035

* Load curves Remote Heating

SIG 2017

 Load curves Remote Heating

2035 SIG

30 MW geothermal scenario

Geothermal:

15% of supply
Saved 53 ktCO,
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L I I B O T T o O o O o O O o O s O o O OO 0 |
1400
m waste thermal recovery = waste wood
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Quiquerez, 2018
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Thermal Need from 3 Green House Farms

4'000°000

Energy need to supply new =
neighborhood and vegetable farmers: 3 I II I I I I I I |

1'000'000

combination of medium-depth direct worws
use of geothermal heat and HP

180000 T2 V
(of which 90’000 "
NG housmg)

I::‘47’0ﬁb.m2 R . => ca. 2. 5 MW | Bt
houslng Riopis e dodrifly WA 1 éude CSD (2014)

Trolnex—Dottrenf\ o, 3 e v .
acugot: ESHW’*}; A | A N

wio HP

Quiquerez, 2018

Sy

= Geothermal

with HP

Primary Temp. 93°C

Geothermal HP

wlo HP with HP
Primary Temp. 70°C

10 I/s flow

i
IS

A: 1 GWh/an
B: 7 GWh/an
C: 18 GWh/an

= Electricity HP = Natural Gas GW/h

16 e
13 49
m 17
g 10
g g 27 it
o 23
1B B N
2
0

wio HP with HP wio HP

Primary Temp. 93°C  Primary Temp. 70°C

40 I/s flow

with HP
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Opportunities & Challenges

e Favourable political, economic and social context

e |ntegrated and complex approach between direct use of heat from lake water,
shallow, medium-depth and future deep subsurface, waste incineration and heat
storage: stakeholder management

e Favorable geothermal gradient for hydrothermal direct use and EGS

e Overall favorable subsurface geology despite lateral prediction of reservoir
properties require more investigation

e Repeated success is required to continue the geothermal exploration effort (Public
have not EPX mindset)

e Exploration mindset education amongst stakeholders is an ongoing effort.
e and...

5= UNIVERSITE
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UNIGE WORKFLOW

SCIENTIFIC &
TECHNICAL
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b, : Conceptual Geological
Prospect
Identification and

L Model (rocks &
Assessment Basin and Reservoir Modeling

properties)

-, Acontre-courant du reste de la Suisse,
Genéve mise sur la géothermie
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COMMUNITY °_

L >1C 4 ENGAGEMENT

(Z1F) UNIVERSITE

DE GENEVE Gather full support
S and endorsement for
geothermal
ET CANTON exploration efforts
DE GENEVE

(seismic acquisition
campaign etc.)
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GENEVA CANTON EXPLORATION STRATEGY

B
Jura Mountai
Nl TODAY - ) .
- i Ba i bl won o fSow
0- i | - | | | o o
-1000 - oy : r eeell - ' 0°C | L 1000
2000 L 2000
3000 - -3000
4000 = -4000
Key words o) ] Muschela -

STEPWISE APPROACH = | - 10k
UNCERTAINITY IDENTIFICATION

STRATIGRAPHIC & PRODUCTION TEST

INNOVATIVE COLLABORATIVE RESEARCH PROJECTS
ACTIVE FIELD LAB

POLITICAL, SOCIAL AND COMMERCIAL BUY-IN
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3rd Hydrocarbon-Geothermal Cross Over
Technology Workshop
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